Abstract. Hepatitis C virus (HCV) infection is associated with B cell abnormality; however the phenotypic profiles of immunoglobulin (Ig)M+B cell subsets in patients with HCV infection remain unclear. In the current study, the effect of HCV infection on IgM+B cell subsets was evaluated. The percentages, as well as the differentiation and activation features of peripheral IgM+B naive subsets [cluster of differentiation (CD)27-IgM+B cells] and IgM+B memory subsets (CD27+IgM+B cells) were assessed using flow cytometry in 27 patients with chronic hepatitis C (CHC) and 20 healthy controls (HCs). The frequency of CD27+IgM+B memory subsets detected in patients with CHC was significantly higher than that in HCs (P<0.05). Although the frequency of CD27-IgM+B naive subsets was similar in both groups, there was a significantly higher proportion of CD5+B cells detected in the CD27-IgM+B subsets of patients with CHC compared with HCs (P<0.05). Among CD27-IgM+B subsets, abnormal differentiation was associated with HCV infection, with significantly increased percentages of IgD+B cells and CD38+B cells in patients with CHC compared with HCs (P<0.05). In CD27+IgM+B memory subsets, the abnormality of cell differentiation was associated with a significantly increased percentage of CD38+B cells in patients with CHC compared with HCs (P<0.05). In addition, the percentage of activated CD27+IgM+B subsets in patients with CHC were significantly higher than those observed in HCs (P<0.05). The number of CD27-IgD+IgM+B, CD27-CD38+IgM+B and CD27+CD38+IgM+B cells were negatively correlated with HCV RNA in patients with CHC. These results suggest that HCV infection contributes to abnormalities in the percentage, differentiation and activation of IgM+B cell subsets and may disrupt the immune response mediated by IgM+B cells.
Introduction
Chronic hepatitis C virus (HCV) infection may cause chronic hepatitis and is associated with liver cirrhosis and hepatocellular carcinoma (1) . Although HCV infection primarily affects the liver, the virus is capable of evading the immune response of the host by suppressing specific T and B cell responses (2) . Furthermore, a number of autoimmune diseases have been identified in patients with chronic hepatitis C (CHC) (3), indicating that HCV infection disrupts the normal activity of the immune system. Therefore, improving understanding regarding immune-associated abnormalities in patients with CHC may help to control HCV progression and lead to the development of more effective treatment strategies.
Normal B cell development contributes to an effective immune response to remove pathogens, whereas disturbance of B cell differentiation and activation leads to the disruption of B cell homeostasis in chronic infection and autoimmunity disease (4) (5) (6) . Previous studies have demonstrated that B cell disorders mediated by HCV infection are not only associated with B cell subset skewing, with an increased proportion of immature B cells and a decreased proportion of memory B cells (7) (8) (9) (10) , but are also associated with the increased activation of naive and memory B cells (11) (12) (13) . Immunoglobulin (Ig) M+B cells are responsible for the production of IgM antibodies and are involved in the pathogenesis of viral infections and autoimmunity diseases (14) (15) (16) . Roughan et al (17) determined that there is a higher frequency of circulating IgM+B memory subsets in the peripheral blood of patients with CHC; however the phenotypic features of different IgM+B cell subsets and associated risk factors in patients with CHC remain unknown.
The present study aimed to identify the effects of HCV infection on IgM+B cell subsets. The percentage, differentiation and activation status of peripheral IgM+B cell subsets was evaluated in patients with CHC using flow cytometry. In addition, the association between IgM+B cell subsets and different clinical parameters was investigated in patients with CHC. (18) . Inclusion criteria of patients with chronic HCV infection were: Positive HCV antibodies and HCV RNA levels (>2,000 IU/ml) in the past 6 months. Exclusion criteria were: Co-infection with hepatitis B virus or human immunodeficiency virus. The HCs were tested negative for HCV antibodies. In addition, liver damage induced by HCV infection was monitored via measuring serum alanine aminotransferase (ALT). The baseline characteristics of all study subjects are presented in Table I . The present study was approved by the Ethics Committee of Peking University People's Hospital (Beijing, China) and all participants provided written informed consent.
Abnormal phenotypic features of IgM+B cell subsets in patients with chronic hepatitis C virus infection

Clinical tests and peripheral blood mononuclear cell (PBMC)
preparation. Levels of HCV antibodies, HCV RNA and HCV genotypes were determined as previously described (18) . ALT was detected using a Hitachi 7600 automated biochemical analyzer (Hitachi, Ltd., Tokyo, Japan). PBMCs were isolated using density gradient centrifugation with Ficoll-Paque Plus (GE Healthcare Life Sciences, Uppsala, Sweden), as described previously (19) . PBMCs were kept in liquid nitrogen until analysis.
Flow cytometric analysis.
To measure the phenotypic features of peripheral IgM+B cell subsets, 1x10 6 PBMCs were incubated in 200 µl blocking solution consisting of 2% bovine serum albumin (Genview Corp., Houston, TX, USA) in PBS for 30 Following washing twice with PBS, the cells were fixed with 1% paraformaldehyde in the dark at 4˚C for 12 h. Then the expression of surface molecules on cells were assayed using the BD FACSCalibur (BD Biosciences) and data were analyzed using FlowJo 7.6 software (Tree Star, Inc., Ashland, OR, USA). Based on expression of CD5, B cells were divided into CD5+B cells (B1 cells) and CD5-B cells (B2 cells) (20) . Depending on the expression of CD27, a distinct memory B cell marker, IgM+B cells were divided into naive subsets (CD27-IgM+B cells) and memory subsets (CD27+IgM+B cells) (17) . In addition, CD21 was used to identify activated subsets (CD21-cells) and resting subsets (CD21+cells) in naïve B cells and memory B cells (7) .
Statistical analysis. Data are presented as the mean ± standard deviation. Comparisons in all experiments were performed using Student's t-test or two-sample Wilcoxon rank-sum (Mann-Whitney) tests, according to data distribution measured using a Kolmogorow-Smirnov test with SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). The linear correlation between variables was analyzed using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Frequency of CD27+IgM+B memory subsets in total B cells of patients with CHC.
To characterize IgM+B cells (CD19+IgM+B cells) in patients infected with HCV, the frequency of IgM+B cells in patients with CHC and HCs was detected using flow cytometry (Fig. 1A ). There were no significant differences between the frequency of total IgM+B cells in patients with CHC and HCs (Fig. 1B) . The percentage of IgM+B naive subsets (CD27-IgM+B cells) and IgM+B memory subsets (CD27+IgM+B cells) were further assessed in both groups (Fig. 1A) . As presented in Fig. 1B , there was no significant difference between the frequency of CD27-IgM+B cells in patients with CHC and HCs. However, the frequency of CD27+IgM+B cells was significantly higher in patients with CHC than in HCs (P<0.05; Fig. 1B ). This suggests that infection with HCV may disrupt the homeostasis of IgM+B cell subsets. (21) , whereas the association between CD5+B cells and IgM+B cell subsets is unclear in patients with HCV infection. In the current study, the percentage of CD5+B cells in total B cells was significantly higher in patients with CHC compared with HCs (P<0.05; Fig. 2) , which was consistent with a previous report (21) . The percentage of CD5+B cells in IgM+B cell subsets was also measured in the current study. The results indicated that the frequency of CD5+B cells was significantly higher in CD27-IgM+B cells from patients with CHC compared with HCs (P<0.05; Fig. 2 ), while there was no significant difference in the frequency of CD5+B in CD27+IgM+B cells between the two groups (Fig. 2) . This suggests that only CD27-IgM+B cells are associated with expansion of CD5+B cells in HCV infection.
Percentage of CD5+B cells in CD27-IgM+B cells of patients with CHC. Previous research has demonstrated that expansion of CD5+B cells is associated with HCV infection
Abnormal differentiation of CD27-IgM+B and CD27+IgM+B subsets in patients with CHC. B cell homeostasis is primarily dependent on B cell differentiation and activation (22, 23) . Thus, the differentiation of IgM+B cells in both IgM+B cell subsets was evaluated in the current study. IgM+B cells at the differentiation stage transition from immature B cells to plasmablasts (22, 23 ). In the current study, immature B cells were CD27-CD10+B cells (Fig. 3A) . The percentage of CD27-CD10+B cells in IgM+B cells was determined in both groups, and the results demonstrated that the frequency of CD27-CD10+IgM+B cells in IgM+B cells was significantly higher in patients with CHC compared with HCs (P<0.05; Fig. 3B ). At naïve B cells differentiate into plasmablasts, B cell differentiation is associated with alterations in IgD and CD38 expression (22, 23) and the current study measured the expression of IgD and CD38 in IgM+B cell subsets. As presented in Fig. 3C , a significantly higher percentage of IgD+B cells in CD27-IgM+B cells was identified in patients with CHC compared with HCs (P<0.05), whereas there were no significant differences in the frequency of IgD+B cells in CD27+IgM+B cells between the two groups. Furthermore, a significantly higher percentage of CD38+B cells was observed in CD27-IgM+B and CD27+IgM+B cells in patients with CHC compared with HCs (P<0.05; Fig. 3D ). Together, these results indicate that HCV infection is associated with the abnormal differentiation of CD27-IgM+B and CD27+IgM+B cells.
Activation of CD27+IgM+B subsets in patients with
CHC. The activation of IgM+B subsets in both groups was investigated (Fig. 4A) . As shown in Fig. 4B , compared with HCs, the number of activated CD27+IgM+B cells (CD27+IgM+CD21-B cells) increased significantly in patients with CHC (P<0.05); however, there were no significant differences between the number of activated CD27-IgM+B cells (CD27-IgM+CD21-B cells) in patients with CHC compared with HCs (Fig. 4B) .
Activated B cells are associated with high levels of the co-stimulatory molecules CD86 and CD95, and the abnormal expression of these molecules in B cells is associated with chronic diseases such as autoimmune hepatitis and rheumatoid arthritis (24, 25) . Based on this, levels of CD86 and CD95 were evaluated in CD27+IgM+B cells, using mean fluorescence intensity to represent molecule expression. The results demonstrated that the expression of CD86 and CD95 in CD27+IgM+B cells was similar in patients with CHC and HCs ( Fig. 4C and D) . Taken together, these results suggest that HCV infection is associated with the activation of CD27+IgM+B cell subsets but is not associated with the expression of CD86 and CD95 in CD27+IgM+B cells.
Correlation of HCV RNA and ALT with IgM+B cell subsets in patients with CHC.
In order to evaluate the association between IgM+B cell subsets and clinical parameters in patients with CHC, it was investigated whether IgM+B subsets were correlated with HCV RNA and the liver cell damage marker ALT. As presented in Fig. 5A, However, no significant correlations between any IgM+B cell subsets and ALT were detected in patients with CHC (Fig. 5B) . Thus, these data indicate that there is a HCV but not ALT is negatively correlated with the abnormal expression of certain IgM+B cell subsets.
Discussion
It has been demonstrated that abnormalities of peripheral B cell subsets are associated with HCV infection (7-13). However, the effect of HCV infection on the differentiation and activation of IgM+B cell subsets has not been fully elucidated. The current study aimed to characterize IgM+B cell subsets in patients with CHC and the results indicated that HCV infection was responsible for abnormalities in the percentage, differentiation and activation of IgM+B cell subsets. In addition, negative correlations between viral load and CD27-IgD+IgM+B cells, CD27-CD38+IgM+B cells and CD27+CD38+IgM+B cells were detected in patients with CHC.
Roughan et al (17) demonstrated that IgM+ memory B cells were expanded in patients with CHC, and identified that the unusual polyclonal expansion of the IgM+ memory B cell subset was made up of autoreactive B cells. Consistent with a previous report (17) , the present study demonstrated that an increase in CD27+IgM+B cells was associated with HCV infection. The frequency of CD27-IgM+B cells in patients with CHC was similar to that in HCs. However, the percentage of CD5+B cells, which are not only characterized by the production of low-affinity IgM that recognizes a variety of self-antigens but also serve an important role in the pathogenesis of autoimmunity disease (26) , was higher in the CD27-IgM+B cells of patients with CHC than in HCs. This implies that CD27-IgM+B cells may be involved in the reaction to autoantigens in patients with CHC. Taken together, these results suggest that abnormalities of CD27-IgM+B and CD27+IgM+B cells may be associated with autoreactivity and increased susceptibility to autoimmune diseases in patients with CHC.
Alterations in B cell differentiation and activation are frequently noted in pathological conditions (4) (5) (6) . On this basis, the current study evaluated the differentiation status of IgM+B cell subsets in patients with CHC. Based on the immature B cell marker CD10, it was determined that the percentage of CD27-CD10+IgM+B cells was increased in patients with CHC. Previous results have demonstrated that immature B cells are CD10+CD27-IgM+B cells (27) and the current results are consistent with those from a previous study, which identified that HCV infection was associated with an increase in immature B cells (8) . IgD and CD38 are associated with the development of B cells (22, 23) . In the present study, it was observed that the frequency of CD27-IgD+B cells in IgM+B cells was increased in patients with CHC compared with HCs. The increased frequency of this subpopulation in IgM+B cells may be associated with chronic HCV stimulation and immune dysfunction mediated by CD27-IgD-IgM+B cells. CD38 is a multifunctional ectoenzyme, which participates in lymphocyte activation and terminal differentiation (28) . The increased percentage of CD27-CD38+IgM+B cells and CD27+CD38+IgM+B cells imply that chronic HCV infection may induce the activation and terminal differentiation of certain IgM+B cell subsets. Previous studies have demonstrated that HCV infection induces the activation of naïve and memory B cell subsets (11, 12, 29) . In the current study, the activation of IgM+B cell subsets was assessed based on the expression of the activation marker CD21. It was determined that the activation of CD27+IgM+B cells was increased in patients with CHC. Furthermore, the expression of distinct molecules associated with B cell activation was evaluated in CD27+IgM+B cells. CD86 is a critical co-stimulatory molecule to facilitate the interaction of T cells with B cells (30) . CD95 is a death receptor, which initiates extrinsic pathways of apoptosis to remove activated immune cells (31) . Although HCV infection was associated with an increase in the number of activated CD27+IgM+B cells, these activated CD27+IgM+B cell subsets were not correlated with CD86 and CD95 expression. This implies that the activation of CD27+IgM+B cells may not be associated with T cell stimulation or apoptosis. Further studies are required to determine the underlying mechanisms that result in increased numbers of activated CD27+IgM+B subsets in the peripheral circulation.
In the present study, the association between IgM+B cell subsets and clinical parameters was investigated in patients with CHC. Negative correlations were identified between HCV RNA and CD27-IgD+IgM+B, CD27-CD38+IgM+B and CD27+CD38+IgM+B cells. Although the relative expression of CD27-IgD+IgM+B, CD27-CD38+IgM+B and CD27+CD38+IgM+B cells was higher in patients with CHC compared with HCs, the exact roles of these IgM+B cell subsets remain unknown. It is possible that chronic HCV antigen stimulation disrupts the immune response by increasing these IgM+B cell subsets, which, in turn, helps to inhibit HCV replication to some extent in pathological conditions. Further studies are required to determine the roles of these IgM+B cell subsets in patients with CHC.
In conclusion, the current study identified the phenotypic abnormalities of CD27-IgM+B and CD27+IgM+B cells in patients with CHC and demonstrated that the frequencies of IgM+B cell subsets were negatively correlated with viral load. The alterations in IgM+B cell subset populations may be associated with the disruption of the B cell immune response and improved understanding of the association between IgM+B cells and HCV infection will be required in order to identify potential targets for HCV treatment. Despite various limitations of the current study, including the relatively small number of patients with CHC enrolled and a lack of functional analysis of IgM+B cell subsets in the pathogenic process of HCV infection, the results of the current study lay a foundation for evaluating the roles and associated mechanisms of certain IgM+B cell subsets in patients with HCV.
